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Ethnopharmacological  relevance:  Calophyllum  brasiliense  Camb.  (Clusiaceae),  popularly  known  as ‘gua-
nandi’,  is  found  in  the  tropical  areas  and  swampy  lands.  The  latex  exuding  from  its bark  is used  in the
treatment  of gastric  ulcer  in  folk  medicine.  Several  active  compounds  have  been  isolated  from  its  stem
bark among  them,  are  the  chromanone  acids.  Therefore,  this  study  aimed  to  evaluate  antiulcer  activity
and probable  mechanism(s)  of  action  of a  fraction  containing  a mixture  of chromanone  acids  (BI), derived
by column  chromatography  fractionation  of  the  hexane  extract  of  the  stem  bark  of Calophyllum  brasiliense
(HECb),  using  experimental  in  vitro  and in  vivo models.
Materials  and  methods:  Ulcer  was  induced  by oral  administration  of  ethanol  (75%,  v/v) and  indomethacin
(50  mg/kg).  Malondialdehyde,  reduced  glutathione  and  catalase  activity  was measured  in  stomach  tissue
after ethanol  induced  ulcer.  In  order  to  evaluate  the effect  of  BI  on  nitric  oxide,  ulcer  was  induced  by
ethanol  in  l-NAME  pretreated  animals.  Anti-Helicobacter  pylori  activity  was  veriﬁed  in disk  diffusion  and
broth  microdilution  in vitro  assays,  using  cagA+  and  vacA+  Helicobacter  pylori  strains.
Results:  BI  prevented  the  gastric  ulceration  caused  by  ethanol  and  indomethacin  treatments.  Its  gastro-
protective  mechanism  in  ethanol-induced  ulcer  was  partly  due  to reduction  of  MDA  and  CAT  levels  in
the gastric  tissue.  BI did  not  affect  the  GSH  levels  and  its  gastroprotective  effect  was  not  reversed  by
pretreatment  with  l-NAME.  BI showed  anti-Helicobacter  pylori  in  the  both  assays.
Conclusion:  The  results  indicate  that  BI  is  partly  responsible  for the  HECb  antiulcer  and  anti-Helicobacter
pylori  effects.
. Introduction
Peptic ulcer is a chronic disease that results from an imbalance
etween endogenous protective factors of gastric mucosa (mucus
nd bicarbonate secretion, adequate blood ﬂow, prostaglandin E2,
itric oxide, sulfhydryl compounds and antioxidants enzymes, and
thers) and aggressive factors (acid and pepsin secretions) (Brunton
t al., 2006). Behavioural and environmental factors such as smok-
ng, poor diet, alcohol and non-steroidal anti-inﬂammatory drugs
ngestion, and Helicobacter pylori infection, among others have also
een implicated in the etiology of gastric ulcer (Konturek et al.,
005).
∗ Corresponding author at: D. T. O. Martins, Rua Sírio Libanesa n. 165 apt. 602, Zip
ode: 78045-390, Cuiabá – MT, Brazil. Tel.: +55 65 3615 88 62.
E-mail address: taba@terra.com.br (D.T.O. Martins).
378-8741 ©  2012 Elsevier Ireland Ltd. 
oi:10.1016/j.jep.2012.03.006
Open access under the Elsevier OA license.© 2012 Elsevier Ireland Ltd. 
Peptic ulcer was considered one of the major causes of mor-
bidity in the world until the last decade of the 20th century. The
development of effective acid suppressant drugs, and identiﬁcation
of Helicobacter pylori were two important events that contributed
to decreasing rates of peptic ulcer disease. However, this disease
remains an important health problem, especially for chronic users
of non-steroidal anti-inﬂammatory drugs, and the Helicobacter
pylori infection (Malfertheiner et al., 2009). In USA, around 500,000
people develop peptic ulcer each year (Ramakrishnan and Salinas,
2007). In Brazil, the prevalence of peptic ulcer is unknown but duo-
denal ulcer prevalence was  estimated to be 3.3% between 1996 and
2005 (Saul et al., 2007).
In 1994, the Consensus of National Institutes of Health (NIH)
concluded that the major cause of peptic ulcer is Helicobacter pylori
Open access under the Elsevier OA license.infection and that all diagnosed patients should be subjected to
antimicrobial therapy (NIH, 1994). There is now a worldwide con-
sensus that the ﬁrst-line treatment should be triple therapy: a
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ombination of a proton pump inhibitor (PPI) plus clarithromycin
nd either amoxicillin or metronidazole for 7–14 days (Yuan et al.,
006).
However, increasing development of bacterial resistance has
ompromised the efﬁcacy of this treatment. The replacement of
ntibiotics and the inclusion of bismuth salts have been an alterna-
ive for that. Besides bacterial resistance, treatment is failing also
ue to poor compliance, side effects and pharmacogenetics asso-
iated with individual PPIs. Therefore, the search for new effective
rugs for peptic ulcer therapies is of paramount importance (Yuan
t al., 2006; Stege et al., 2006). In this regard, many species of plant
and their derivates and isolated compounds) used in folk medicine
or the relief of gastric symptoms have been studied to establish
heir pharmacological activity (Stege et al., 2006).
Calophyllum brasiliense Camb. (Clusiaceae) is a large tree widely
istributed in Latin America, as far as from Mexico to Brazil (Mesía-
ela et al., 2001), occurring in damp and swampy ground (Botrel
t al., 2006). In Brazil, it is found in large groups in the Amazon
nd Atlantic forests and in places that remain intermittently or
ermanently ﬂooded in Brazilian Cerrado (Lorenzi, 1992). It is pop-
larly known as “guanandi”, “jacareúba” or “olandi” among others,
nd is widely used in folk medicine for the treatment of inﬂamma-
ion, rheumatism, varicose veins, hemorrhoids and chronic ulcers
Guarim Neto, 2006). The acidic and sticky latex exudates of its
nner bark is used in the treatment of pain, diabetes, diarrhea,
ypertension, herpes, rheumatism and ulcer (Reyes-Chilpa et al.,
006).
Previous preliminary pharmacological studies carried out by
ur group with the hexane extract from stem bark of Calophyl-
um brasiliense (HECb)  and with the dichloromethane fraction from
ECb,  demonstrated antiulcerogenic and anti-Helicobacter pylori
ffects (Sartori et al., 1999; Souza et al., 2009).
The present work aimed to obtain chromanone fraction (BI) from
ECb and to study further the antiulcer activity of the BI and HECb
sing in vitro and in vivo experimental models.
. Materials and methods
.1. Animals
Adult male Wistar albino rats (150–200 g) and adult male
wiss-Webster mice (25–30 g), from the Central Animal House of
FMT, were used. The animals were kept in propylene cages at
2 ± 2 ◦C with a 12 h light/dark cycle, with free access to stan-
ard Purina chow (Labina, Goiás, Brazil) and water ad libitum. They
ere allowed to acclimatize to the laboratory environment in this
ondition for 48 h. Groups of 6–10 animals were used for the exper-
ments. The experimental protocols were approved by the Ethic
ommittee for Animal Experimentation of UFMT, Brazil, in accor-
ance with the Federal Government Legislation on Animal Care.
.2. Microorganism
The Helicobacter pylori strain used was ATCC 43504 (vacA and
agA positives), donated by Fundac¸ ão Oswaldo Cruz (Fiocruz), Rio
e Janeiro, Brazil. Stock cultures were maintained frozen at −30 ◦C
n Skim Milk broth. For reactivation, Helicobacter pylori was inoc-
lated on selective Belo Horizonte medium (BHM), a BHI broth
Newprov, Brazil) supplemented with 10% fetal calf serum (Cul-
ilab, Brazil) and incubated at 37 ◦C under microaerophilia in an
tmosphere of 5–15% O2 and 5–10% CO2, for 2–4 days..3. Botanical material
Calophyllum brasiliense stem bark was collected in July 09, 2007
t the fountain of the Coxipó River, Cuiabá, MT,  Brazil. GPSrmacology 141 (2012) 432– 439 433
coordinates: (S15◦38′40.8′′) (W056◦03′05.6′′). Calophyllum
brasiliense specie is not on the endangered species list and
neither was it in the federal conservation units, therefore requires
no permission to collect, according to Brazilian legislation [Art.
10 of 154/07 Normative Instruction of the Brazilian Institute of
Environment and Natural Resources (IBAMA)]. A voucher spec-
imen, with number 37,993, was deposited at the Herbarium of
Federal University of Mato Grosso (UFMT), Brazil, having been
taxonomically validated by Harri Lorenzi (MSc.), from Instituto
Plantarum de Estudos da Flora, Nova Odessa, São Paulo, Brazil.
2.4. Extraction and fractionation
Calophyllum brasiliense stem bark was cleaned, dried at room
temperature and shredded in an electric mill (model TE-625 TEC-
NAL, Piracicaba, SP) with sieve of mesh size of 40. The dried powder
obtained was  successively macerated with hexane (1:5, w/v) for 7
days (yield 10.4%). The extract was  ﬁltered and concentrated under
reduced pressure at, approximately, 40 ◦C in a rotary evaporator
to obtain the hexane extract. The residual solvent was eliminated
in an incubator at 40 ◦C. HECb was kept protected from light and
stored at 4 ◦C.
HECb (30 g) was subjected to column chromatography (CC) with
silica gel 60 (450 g, 0.063–0.230 mm  particle size) as the stationary
phase. It was eluted with a stepwise gradient of pure n-hexane fol-
lowed by increasing amounts of dicholormethane (DCM) (9:1, 8:2,
7:3, 6:4, 1:1, 4:6, 3:7, 2:8, 1:9) to pure DCM, and then DCM-Ethyl
Acetate (EA) to pure EA in the same proportion as that of hexane
and DCM (500 mL  each step). Approximately, 15 mL  was collected
for each fraction. Homogeneous fractions proﬁles, using thin layer
chromatography (TLC) were pooled to give major fractions.
Fraction 11 (7.8 g) obtained from DCM:EA mobile phase was
subjected to second round of running on CC on silica gel 60
(0.063–0.230 mm)  (400 g) as stationary phase using the same
mobile phase previously utilized. The collected subfractions
(60 mL)  were pooled after TLC proﬁle analysis.
TLC plates were eluted with Hex:EA (6.5:3.5, v/v) with 1–2
drops of glacial acetic acid and revealed in UV  254 and 365 nm,
iodine vapor and sulfuric vanillin. Samples with reasonable degree
of purity in TLC were analyzed with nuclear magnetic resonance
(NMR) spectroscopy analysis of hydrogen (1H) and 13-carbon (13C).
HPLC analysis was performed with a Varian Pro Star 210/215
Solvent Delivery Module Pump, connected to a Varian Pro Star
325 UV-VIS detector, a Varian Pl-ELS 2100, and a Varian HPLC col-
umn (Microsorb 300-5, C-$, 250 mm × 4.6 mm).  Mobile phase for
the HPLC analysis was: A (acetonitrile) and B (25% triﬂuoroacetic
acid aqueous solution), ﬂow rate 0.9 mL/min, 20 L of injection vol-
ume, elution by a combination of gradient and isocratic modes: 50%
A – 50% B, 0–20 min; 60% A – 40% B, 20–60 min; 70% A – 30% B,
60–80 min. Detection was  at 285 nm,  ﬂow gas 1.4 SLM.
The mass spectrometric analysis was  performed on a Varian
500-MS detector system operated with electrospray ionization
(ESI) source. All acquisitions were performed under positive ion-
ization mode with a capillary voltage of 80.0 V. Nitrogen was used
as nebulizer gas (35.0 p.s.i.) at 50 ◦C as well as drying gas at 350 ◦C
(10.0 p.s.i.). The spray shield voltage was set to 600 V. For the total
ion chromatogram (TIC): target TIC: 500,000 counts; target TIC:
100%; max  ion time: 250,000 s.
All solvents used were of HPLC grade.
2.5. Ethanol-induced gastric ulcer (EtOH-ulcer)The antiulcerogenic activity of HECb and BI was evaluated in
accordance with a modiﬁed method of Robert et al. (1979). After
18 h of fasting, the animals were treated orally by gavage with vehi-
cle (Tween 80, 2% in distilled water, 10 mL/kg), HECb (5, 20 and
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00 mg/kg), BI (20 and 100 mg/kg) and CBX (100 mg/kg). One hour
fter the treatment, the animals received 75% ethanol (10 mL/kg,
.o.) and were sacriﬁced by cervical dislocation 30 min  later. The
tomachs were removed, opened along the greater curvature and
istended between two glass plates for better visualization. The
lcerated area was expressed in terms of percentage of total area of
he gastric body (mm2), using Image J 1.40g (Java image processing
nd analysis software).
.6. Indomethacin-induced gastric ulcer (IND-ulcer)
The modiﬁed method of Djahanguiri (1969) was employed.
ats were fasted for 24 h and treated with vehicle (Tween 80,
%, 10 mL/kg), HECb (5, 20 and 100 mg/kg), BI (20 and 100 mg/kg)
nd CBX (100 mg/kg). One h after the treatment, 50 mg/kg of
ndomethacin (dissolved in 2% sodium bicarbonate) was admin-
stered orally. After 4 h, the animals were sacriﬁced by cervical
islocation, stomachs removed, opened, washed and ﬁxed for
acroscopical analysis. For determination of the ulcer index, scores
ere attributed as described by Gamberini et al. (1991).
.7. Ethanol-induced ulcer in rats pretreated with l-NAME
To evaluate the role of endogenous NO in gastroprotective
ffects of HECb and BI, a modiﬁed method of Matsuda et al. (1999)
as employed. The mice were divided into 8 groups consisting
f two groups of vehicle (Tween 80, 2%, 10 mL/kg), HECb (20 and
00 mg/kg, p.o.), BI (20 and 100 mg/kg, p.o.) CBX (100 mg/kg, p.o.),
nd l-arg (200 mg/kg, ip.).
Brieﬂy, 30 min  post treatments, the animals received 0.9% saline
10 mL/kg, ip.) or l-NAME (70 mg/kg, ip.). Then, after 30 min, all
he groups received 75% ethanol by gavage (10 mL/kg). l-arg was
dministered, 15 min  after saline or l-NAME treatment and, 15 min
efore ethanol. All animals were sacriﬁced by cervical dislocation
0 min  after ethanol treatment. The ulcerated area was quantiﬁed
ccording to the procedure described in EtOH-ulcer section.
.8. Measurement of malondialdehyde (MDA)
BI and HECb (20 and 100 mg/kg, p.o.) activity on lipid perox-
dation was carried out by measuring MDA  using thiobarbituric
cid test, according to Ohkawa et al. (1979) in EtOH-ulcer model.
 sham-operated group was used as uninjured control, vehicle-
tOH group (Tween 2%, 10 mL/kg, p.o.) as injured control and NAC
750 mg/kg, ip.) as standard antioxidant drug. Brieﬂy, the gastric
issue were excised, rinsed, scraped, weighed and homogenized
n KCl (0.15 M)  solution (1:10, w/v). 1.5 mL  of 20% acetic acid
pH = 3.5), 0.2 mL  of 8.1% sodium lauryl sulfate, 1.5 mL  of 0.8% thio-
arbituric acid and 0.3 mL  of distilled water was added to 0.5 mL
f the homogenate. The samples were incubated in a water bath
t 95 ◦C for 1 h. Upon cooling, 6 mL  of n-butanol-water (5:1, v/v)
as added, the tubes were vortexed for 1 min, and centrifuged
t 5000 rpm for 10 min  at room temperature. The absorbance of
he supernatant (organic layer) was measured at 532 nm.  Con-
entration of MDA  was extrapolated from the standard curve of
,1,3,3-tetramethoxypropan. The values were expressed as mol
DA/g tissue.
.9. Measurement of reduced glutathione (GSH)
The levels of GSH in the gastric mucosa were measured as
escribed by Sedlak and Lindsay (1968) using EtOH-ulcer model. sham group was used as uninjured control, vehicle-EtOH group
Tween 2%, 10 mL/kg, p.o.) as injured control and NAC (750 mg/kg,
p.) as standard antioxidant drug. The gastric tissue was  excised,
eighed and homogenized with iced 0.02 M EDTA solution 1:10rmacology 141 (2012) 432– 439
(w/v). Distilled water (800 mL)  and 200 mL  of 50% aqueous solu-
tion of TCA were added to this homogenate (1 mL). The samples
were agitated (1 min) and centrifuged at 10,000 rpm (10 min).
2 mL  of 0.4 M TRIS (pH = 8.9) and 50 mL  of 0.01 M 5.5-ditiobis-
2-nitrobenzoic acid (DTNB; 50 mL)  were then added to 0.5 mL
of the supernatant. All procedures were performed at 4 ◦C. The
absorbance was  measured within 5 min at 412 nm. The absorbance
values were used to extrapolate the gastric tissue concentrations
from the standard curve of GSH. The results were expressed in g
GSH/g tissue.
2.10. Measurement of catalase (CAT) activity
Effects of HECb and BI on catalase activity were evaluated
using EtOH-ulcer model. Animals were distributed into the fol-
lowing groups: sham, vehicle-EtOH (Tween 80, 2%, 10 mL/kg, p.o.),
HECb (20 and 100 mg/kg, p.o.), BI (20 and 100 mg/kg, p.o.) and
CBX (100 mg/kg, p.o.). CAT activity was  measured by decrease of
hydrogen peroxide according to a previously described method
(Aebi, 1984). Brieﬂy, the glandular stomach was weighed, imme-
diately immersed in liquid nitrogen and stored at −80 ◦C. Then,
it was  homogenized with cold 50 mM phosphate buffer pH 7.0
at 1:10 (w/v) and centrifuged at 10,000 rpm for 10 min  at 4 ◦C.
Solution of H2O2 (2 mL)  10 mM in 50 mM  phosphate buffer pH
7.0 (A240 = 0.380–0.400) and 20 L of sample were added to the
quartz cuvette. Reading at 240 nm was  immediately commenced
and at every minute for 4 min. The absorbance values were used to
extrapolate to determine the concentration of H2O2 from the stan-
dard curve obtained of H2O2. The results were expressed in mol
H2O2/min/g protein. Total proteins were determined following the
method of Lowry et al. (1951).
2.11. Determination of anti-Helicobacter pylori activity by disk
diffusion test
The method of McNulty (2002) was  used. Serial dilutions of HECb
and BI were dissolved in 2% Tween (v/v), in order to obtain the fol-
lowing ﬁnal concentrations: 3.125; 6.25; 12.5; 25; 50; 100; 200 and
400 g/disk. Sterile 6 mm  disks utilized were imbibed in 20 L of
each preparation of HECb and BI, and were deposited on the surface
of the plate of Mueller–Hinton agar with 5% sheep blood inocu-
lated with Helicobacter pylori,  in a suspension of 6 × 108 CFU/mL
(McFarland turbidity standard 2), using clarithromycin disk (15 g)
as the standard drug. The plate was  incubated at 37 ◦C under
microaerophilic conditions in an atmosphere of 5–15% O2 and
5–10% CO2 for 48–72 h. The growth inhibition halos were measured
with a digital pachymeter. Mean values ≥10 mm  were considered
active.
2.12. Determination of anti-Helicobacter pylori activity by broth
microdilution assay
The broth microdilution assay allows the determination of the
Minimum Inhibitory Concentration (MIC) (Hachem et al., 1996).
100 L of BHI broth supplemented with 10% fetal calf serum inocu-
lated with 6 × 108 Helicobacter pylori (McFarland turbidity standard
2) and 100 L of serial dilutions of HECb,  and BI dissolved in 2%
Tween (v/v) was added to each well in the microplate, to reach
ﬁnal concentrations of 50; 100; 200 and 400 g/mL. The standard
drug, Clarithromycin, was diluted to the same concentrations. The
microplate was  incubated at 37 ◦C under microaerophilic condi-
tions in an atmosphere of 5–15% O2 and 5–10% CO2, for 48–72 h.
After incubation, the plates were visually examined, the optical
density was determinated at 450 nm and each well was replicated
nopha
i
m
2
t
A
S
e
1
t
T
2
3
3
(
N
m
t
s
a
c
m
t
2
3
t
F
2
aL.M.S. Lemos et al. / Journal of Eth
n blood agar (Mueller–Hinton agar with 5% sheep blood), to deter-
ine whether growth had occurred, as well as the MIC.
.13. Statistical analysis
The results of the parametric tests were expressed in
erms of mean ± standard error of mean (X¯ ± SEM). One way
NOVA was used for comparisons of means followed by
tudent–Newman–Keuls test. The non parametric data were
xpressed in terms of medians (Q1, Q3), in which Q1 and Q3 refer to
st and 3rd quartiles respectively. For comparison of the medians,
he test of Kruskal–Wallis was carried out followed by Dunn’s test.
he conﬁdence level (p < 0.05) was used Graph Pad InStat® version
.01 was used for data analysis.
. Results
.1. Chromanone acids (BI) obtention
Fraction 3 (263 mg,  BI) was obtained from the second CC
0.845% yield). Comparison of the spectroscopy data obtained from
MR  (1H and 13C) studies of BI with the literature reveals chro-
anone acid rings with aliphatic side chains, possibly similar to
he brasiliensic and isobrasiliensic acids.
Analyses by HPLC (ultraviolet visible and light scattering) of BI
how two major peaks, one of higher intensity (RT = 17.095) and
nother of medium intensity (RT = 19.102). Other discrete peaks
an also be seen in the chromatogram (Fig. 1).
The quasi-molecular ion detected by ESI-MS m/z [M+H]+ 527.1
atch with the molecular weight (526.3289) and with literature of
he chromanone acids (C32H46O6) (Stout et al., 1968; Yimdjo et al.,
004)..2. Ethanol-induced gastric ulcer (EtOH-ulcer)
Oral administration of 75% ethanol induced characteris-
ic lesions (hemorrhagic streaks in glandular gastric mucosa),
Fig. 1. HPLC chromatogram o
ig. 2. Effect of orogastric administration vehicle (Tween 80, 2%), hexane extract of Calop
0  and 100 mg/kg) and carbenoxolone (CBX, 100 mg/kg) on ethanol 75%-ulcerated (10 m
nimals.  Values above bars represent percentage reduction of the ulcerated area (%). One rmacology 141 (2012) 432– 439 435
extensively in the vehicle control group. Pre-treatment with
HECb (5, 20 and 100 mg/kg) signiﬁcantly reduced (p < 0.001) the
ulcerated area in a dose dependent manner, with percentage inhi-
bition of 62.8%, 72.2% and 81.2%, respectively. Treatment with
BI (20 and 100 mg/kg) produced 66.8% and 74% ulcer inhibi-
tion respectively (p < 0.001). The standard drug CBX (100 mg/kg)
also signiﬁcantly (p < 0.001) inhibited the gastric injury by 77.1%
(Fig. 2).
3.3. Indomethacin-induced gastric ulcer (IND-ulcer)
Oral administration of indomethacin (50 mg/kg) produces gas-
tric mucosal ulceration in the rats, extensively in the vehicle group.
As depicted in Fig. 3, pre-treatments with HECb (100 mg/kg) and
BI (100 mg/kg) produced signiﬁcant inhibition (p < 0.001), reach-
ing 96.9% and 95.4%, respectively. HECb (5 and 20 mg/kg) and BI
(20 mg/kg) caused reduction by 18.4%, 28.5% and 18.4%, respec-
tively. However, these inhibitions were not statistically signiﬁcant
(p > 0.05). CBX (100 mg/kg) showed signiﬁcant inhibition (92.3%,
p < 0.01) of ulceration.
3.4. Ethanol-induced ulcer in mice pretreated with l-NAME
In groups pretreated with 0.9% saline, animals that received
all tested doses of HECb and BI, and also those treated with
CBX (100 mg/kg) and l-arg (200 mg/kg) showed an ulcerated
area signiﬁcantly reduced compared to vehicle group. l-NAME
(20 mg/kg, ip.) aggravated the gastric lesions induced by ethanol
(p < 0.001), compared to the saline pretreated group. Although
pretreatment of animals with l-NAME increased ulcerated areas,
l-NAME was  unable to reverse the gastroprotection observed for
HECb (100 mg/kg), BI (100 mg/kg), l-arg (200 mg/kg) and CBX
(100 mg/kg). All these treatments were able to reduce signiﬁcantly
(p < 0.001) the ulcerated area of the vehicle control group pre-
treated with l-NAME (Fig. 4).
f BI detected by ELSD.
hyllum brasiliense (HECb,  5, 20 and 100 mg/kg), a mixture of chromanone acids (BI,
L/kg, p.o.) male mice. The ulcerated area (%) was expressed as Mean ± SEM for 8
way  ANOVA was followed by Student–Newman–Keuls test, ***p < 0.001 vs. vehicle.
436 L.M.S. Lemos et al. / Journal of Ethnopharmacology 141 (2012) 432– 439
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nd  carbenoxolone (CBX, 100 mg/kg), on the gastric lesions induced by indomethac
–10  animals. The vertical lines represent the quartiles (1st and 3rd). Kruskal–Wall
.5. Determination of antioxidant activity
Table 1 shows the results of MDA, GSH and CAT assays. In MDA
ssay, all the doses tested for HECb and BI, as well as the standard
rug NAC reduced signiﬁcantly (p < 0.001) the levels of MDA, as
ompared to vehicle ulcerated group. The vehicle group had sig-
iﬁcantly increased levels of MDA  when compared to the normal
ontrol group (sham).
In GSH measurement, administration of 75% ethanol reduced
p < 0.001) the gastric contents of GSH in mice pretreated with vehi-
le compared to sham group. Pre-treatment with HECb and BI in
thanol ulcerated animals had no effect on the gastric contents of
SH while the standard drug NAC signiﬁcantly (p < 0.001) increased
he GSH content, when compared to vehicle group.
ig. 4. Effect of vehicle (Tween 80, 2%, p.o.), hexane extract of Calophyllum brasiliense (HEC
.o.),  carbenoxolone (CBX, 100 mg/kg, p.o.), and l-arginine (l-ARG, 200 mg/kg, ip.). Each 
tudent–Newman–Keuls test, **p  < 0.01, ***p < 0.001 vs. saline vehicle; †††p < 0.001 vs. veh
-NAME vs. BI 100 saline; ##p < 0.01 l-arginine l-NAME vs. l-Arginine saline.se (HECb,  5, 20 and 100 mg/kg), mixture of chromanone acids (BI, 20 and 100 mg/kg)
 mg/kg, p.o.) for 4 h in rats. Each point represents the median of ulcerative index of
 followed by Dunn’s test, **p < 0.01 and ***p < 0.001 vs. vehicle.
Results also showed that HECb (20 and 100 mg/kg) and CBX
(100 mg/kg) signiﬁcantly reduced (p < 0.001) the CAT activity. How-
ever, only treatment with BI (20 mg/kg, but not 100 mg/kg) resulted
in signiﬁcant (p < 0.01) reduction in the CAT activity.
3.6. Determination of anti-Helicobacter pylori activity
Table 2 shows the diameters of inhibition of Helicobacter pylori
by HECb at concentrations of 25–400 g/disk in the disk diffu-
sion assay. The zone of inhibition ranged from 7 to 14 mm.  BI
showed inhibition halo diameters from 10 to 12 mm at concen-
trations of 100–400 g/disk, and HECb,  at concentrations of 200
and 400 g/disk. The standard drug, clarithromycin (15 g/disk),
inhibited Helicobacter pylori growth with 35 mm of halo diameter.
b,  5, 20 and 100 mg/kg, p.o.), a mixture of chromanone acids (BI, 20 and 100 mg/kg,
column represents the Mean ± SEM of 7–8 animals. One-way ANOVA followed by
icle l-NAME; ++p < 0.01 HECb 100 l-NAME vs. HECb 100 saline; §§§p < 0.001 BI 100
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Table 1
Effect of hexane extract from Calophyllum brasiliense (HECb), the mixture of chromanone acids (BI), vehicle (2% Tween in distillated water), N-acetylcysteine (NAC) or
carbenoxolone (CBX) on the levels of reduced glutathione (GSH), malondialdehyde (MDA) and catalase (CAT) activity in stomachs of male mice with induced gastric lesions
with  75% ethanol.
MDA  (mol/g tissue) GSH (g/g tissue) CAT (mol  H2O2/min/g protein)
Sham 38.5 ± 4.6 1527 ± 148.0 264.3 ± 20.9
Vehicle 148.4 ± 2.5††† 736.2 ± 211.5††† 376.4 ± 22.2††
HECb (20 mg/kg) 29.0 ± 3.4*** 731.9 ± 166.1 210.2 ± 15.9***
HECb (100 mg/kg) 16.8 ± 1.5*** 987.4 ± 202.71 194.7 ± 23.0***
BI (20 mg/kg) 26.0 ± 1.3*** 741.7 ± 183.9 249.8 ± 21.5**
BI (100 mg/kg) 47.3 ± 3.8*** 979.5 ± 134.63 305.5 ± 18.5
NAC  (750 mg/kg) 15.0 ± 2.6*** 1649 ± 352.7*** –
CBX  (100 mg/kg) – – 250.3 ± 19.1***
Results are means ± SEM for all measurements. ANOVA test followed by Student–Newman–Keuls.
***
f
m
i
t
a
4
f
sp < 0.001 vs vehicle.
** p < 0.01 vs vehicle.
††† p < 0.001 vs sham.
†† p < 0.01 vs sham.
In the broth microdilution assay, none of concentrations tested
or the HECb and BI showed complete inhibition of bacterial growth,
aking it impossible to determine the MIC. However, partial
nhibitions of Helicobacter pylori growth were observed for concen-
rations ranging from 25 to 400 g/mL. The percentages inhibition
re also presented in Table 2.
. DiscussionThe identiﬁcation and isolation of various bioactive molecules
rom the hexane extract and latex of Calophyllum brasiliense’s
tem bark have been reported in the literature. These includes theisomeric chromanones brasiliensic (1) and isobrasiliensic (2) acids,
inophylloidic acid (3) (Stout et al., 1968), brasiliensophyllic acid A
(4), isobrasiliensophyllic acid A (5), brasiliensophyllic acid B (6),
isobrasiliensophyllic acid B (7), brasiliensophyllic acid C (8), iso-
brasiliensophyllic acid C (9) (Cottiglia et al., 2004). In addition,
the isolation of the more stable methoxy-methylesters derivatives
from the chromanones acids namely, 6-O-methyl inophylloidic acid
methyl ester (12) and 6-O-methyl brasiliensic acid methyl ester
(11) have also been reported, as well as a mixture containing
6-O-methyl brasiliensic acid methyl ester (10) and its isomer 6-
O-methyl isobrasiliensic acid methyl ester (11) (Caneppele et al.,
2008).
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Table  2
Growth inhibition of Helicobacter pylori in vitro by hexane extract from Calophyllum
brasiliense (HECb) and the mixture of chromanone acids (BI) from HECb in the disk
diffusion and broth microdilution assays.
Concentrationa Disk diffusion
Halos (mm)b
Broth microdilution
Growth inhibition (%)
HECb BI HECb BI
25 7 – 36.2 17.9
50  8 – 32.5 17.0
100  8 10 29.8 26.3
200  10 10 32.9 36.0
400 14 12 24.0 44.4
a Concentrations expressed in g/disk for disk diffusion assay and g/mL for broth
m
p
t
v
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2
e
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e
n
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d
t
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c
p
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l
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u
s
p
r
t
b
u
i
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s
a
e
p
Fundac¸ ão de Amparo à Pesquisa de Mato Grosso (FAPEMAT) andicrodilution assay.
b Mean values ≥10 mm were considered active (De Souza Almeida et al., 2011).
In this study, we sought to isolate the acid form of the com-
ounds, as it occurs naturally in the plant. However, the isolation of
he chromanones acids was not possible, due to the rapid intercon-
ersion between the two isomeric forms (enol hydroxyl at positions
 or 5 of the chromanone ring). HPLC–MS data however, show
 major peaks, presenting [M+H]+ 527.1 in agreement with the
xpected quasi-molecular ion for the isomeric acid chromanones
/z [M+H]+ 527.3361 (Yimdjo et al., 2004).
The 13C NMR  spectrum, compared with the literature (Cottiglia
t al., 2004), shows chromanone rings similar to (4), (5), (8) and (9),
amely with an enol hydroxyl at C-4, as possible major compounds.
3C NMR  also indicates the absence of cyclic structure in side chain,
ifferentiating them from the inophylloidic acid. The 1H NMR  spec-
rum of BI shows no signs of aromatic H, indicating the absence of
romatic ring in the side chain of its constituents, differing from
ompounds (4)–(9), isolated by Cottiglia et al. (2004).
These results suggest that the major compounds from BI present
hromanone rings similar to those from (4), (5), (8) and (9) but with
renylated side chains, as in (1) and (2), as indicated in (13) and
14). Furthermore, an indication of the presence of quasi-molecular
on in chromanone acids in BI is based on those described in the
iterature for these acids (Yimdjo et al., 2004). However, pure sam-
les and further NMR  analyses are necessary in order to establish
nequivocally these structures.
In addition, NMR  spectra and the HPLC chromatograms also
how subtle presence of other minor constituents in the sam-
le. The acid chromanones, being the major components, can be
egarded as chemical markers of BI. However, one cannot exclude
he possibility that the minor compounds can as well be responsi-
le, at least in part, for the pharmacological activities of the fraction.
HECb and BI showed high antiulcer activity in the both acute
lcer models tested. However, the lower doses were effective only
n the EtOH-ulcer, while administration of 100 mg/kg of both frac-
ions showed antiulcer effect. The inhibitions of both fractions were
imilar, in both models, to the inhibition showed by the standard
ntiulcer drug used. These results suggest that the gastroprotective
ffect of HECb and BI are mediated by different mechanisms.
Due to the antiulcer results displayed by BI in EtOH-ulcer, cou-
led with the fact that ethanol induces ulcer by various mechanism,rmacology 141 (2012) 432– 439
this model was chosen to explore the mechanism(s) that may  be
involved in the gastroprotection of BI in ethanol ulcer.
The gastroprotective role of NO in the pathogenesis of gas-
tric damage is well established (Luiz-Ferreira et al., 2010). NO
is synthesized from l-arg by nitric oxide synthase (NOS) action
(Kochar et al., 2011), and participates in the regulation of gas-
tric acid secretion and of the gastric mucosal integrity together
with the prostaglandins (Tanaka et al., 2001; Rios et al., 2010).
Pretreatment of animals with l-NAME (NOS inhibitor) was unable
to abolish the gastroprotective effects conferred by HECb and BI
against ethanol induced damage. These ﬁndings indicate that gas-
troprotection exhibited by both fractions is not related to NO
production.
Oxidative stress is one of the aetiologic factors of gastric ulcers
and has an important role in the pathophysiology of ethanol-
induced ulcer (Brzozowski et al., 1997). Reactive oxygen species
(ROS), continuously produced during normal metabolism, are
constantly removed by an endogenous antioxidant defense mech-
anism. The imbalance in antioxidant systems may  results in large
changes in cells as peroxidation of lipids, proteins and nucleic acids,
which can lead to cell death (Fridovich, 1986; Kahramam et al.,
2003). The expression of these antioxidant enzymes is stimulated
by exposure to ROS (Yu, 1994).
Our results show that all doses of HECb and BI tested atten-
uated the deleterious effect of EtOH, preserving the integrity of
the stomach to almost the same levels as the normal control,
but they had no effect on GSH. This suggests that their antioxi-
dant effects may  involve direct modulation in the production of
hydroxyl radicals from superoxide radicals, or scavenger activ-
ity. BI antioxidant activity also includes decrease in CAT activity
at lower doses. Further studies are required to elucidate exactly
how BI brings about this effect. All that can be inferred from
the antioxidants assays is that the gastroprotective action of BI
and HECb depends, in part, on their inhibitory activity on lipid
peroxidation.
Disk diffusion and broth microdilution tests showed that HECb
and BI have anti-Helicobacter pylori activity at highest concen-
trations tested. In broth microdilution method, compounds were
diluted in culture medium inoculated with bacteria usually show
higher sensitivity than disk diffusion method, for it allows direct
contact between the drug and the microorganism (Alves et al.,
2008). None of the concentrations tested of HECb and BI showed
total inhibition of the bacterial growth. However, there was  par-
tial growth inhibition, indicating that both fractions possess some
anti-H pylori activities, and that BI is partly responsible for the anti-
Helicobacter pylori activity of HECb.
This study demonstrated that HECb and BI had potent antiul-
cer activity, involving different mechanisms of action, including
mild anti-Helicobacter pylori activity among others, which may  be
of great value for patients infected with Helicobacter pylori;  and that
BI is partly responsible for the antiulcer effect of HECb.  Gastropro-
tective mechanisms of action of HECb and BI involve modulation
of endogenous antioxidant systems. Taken together the present
results in addition to previous ﬁndings on Calophyllum brasiliense
show that this plant may  be an important source of promising
compounds for development as antiulcer drugs, among which
may  be BI.
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